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(11) Japanese Laid-Open Patent Application No. 8-97410 

(43) Laid-Open Date: April 12, 1996 

(21) Application No. 6-151351 

(22) Application Date: July 1, 1994 

(71) Applicant: Texas Instruments, Inc. 

(72) Inventor: Way Tung NUGU 
(72) Inventor: O-Kyong QWON 

(74) Agent: Patent Attorney, Hiroshi ASAMURA et al. 

(54) [Title of the Invention] METHOD FOR PRODUCING SELF- 
ALIGNED LATERAL DMOS TRANSISTOR 

(57) [Abstract] 

[Object] A method for producing a self -aligned lateral 
DMOS transistor is provided which has optimum on-resistance 
properties and breakdown voltage, and is simple in structure 
and is applicable for various purposes . 

[Construction] An insulative layer 24 such as of a field 
oxide is formed on a semiconductor layer 14. Thereafter, 
this insulative layer is patterned to expose a source window 
and a drain window. A D-well region 20 is formed in the 
interior of the window source portion of the semiconductor 
layer. A sidewall region is formed adjacent to a side wall 
of the insulative layer and peripherally of the source 
window. A source region 16 and a drain region 18 are formed, 
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for example, by ion implantation.. A gate electrode 26 is 
formed on a portion of the D-well region 20 between the 
source region and the insulative region, and on a channel 
region located in the interior of the D-well between the 
source region and the drain region. 
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[Claims] 

[Claim 1] A method for producing a DMOS transistor, 
comprising the steps of : providing a first conductive 
semiconductor layer; forming an insulative layer on said 
semiconductor layer; patterning said insulative layer to 
expose a source window portion for said semiconductor layer 
and a drain window portion for said semiconductor layer; 
forming a D-well by adding an conductive impurity to said 
source window portion for said semiconductor layer; forming 
a sidewall region adjacent to a side wall of said insulative 
layer located around said source window portion; forming a 
source region in the interior of said source window portion 
for said semiconductor layer; forming a drain region in the 
interior of said drain window portion for said semiconductor 
layer; and forming a gate electrode on a portion of said D- 
well region between said source region and said insulative 
layer, and on a channel region located in said D-well 
between said source region and said drain region. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 
Cross -Reference to Relevant Applications 

The disclosure of the patent application assigned 
commonly and identified below is incorporated in the present 
invention . 



Serial No. 08/031,731 

Date of Filing: March 15, 1993 

TI Docket No- TI-15960 
[0002] The present invention relates generally to methods 
for producing a semiconductor apparatus, and more 
particularly, to methods for producing a self -aligned 
lateral DMOS transistor. 
[0003] 

[Description of the Related Art and Problems] Advanced 
power ICs having information processing capabilities will 
require high density power devices provided with analog 
functions and VLSI theory devices. DMOS transistors will be 
important for applications to power apparatus that can work 
at high voltages . In such apparatus , one of the indices for 
superiority is the capacity of treating electric current per 
unit area, or the on-resistance value per nit area. Given 
the rate of voltage, the on-resistance value per unit area 
can be lowered by narrowing the cell area region of a DMOS 
apparatus . 

[0004] In DMOS transistors, the width of polycrystalline 
silicon (polysilicon) combined with contactor regions that 
constitute a gate electrode and a source electrode, 
respectively, is called a cell pitch. As to power DMOS 
transistors, the technique practiced in the convention art 
in narrowing the width of a polysilicon region is to lower 
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the junction depth of a P-type well. However, the minimum 
junction depth is governed by required voltage. 
[0005] A conventional lateral DMOS (LDMOS) apparatus is 
structurally simple and hence is sufficient to allow for 
incorporation in a VLSI step. The LDMOS apparatus, however, 
is considered inferior to a vertical DMOS (VDMOS) apparatus 
so that the LDMOS apparatus is not highly reputed. Recently, 
an RESURF (reduced surface field) LDMOS apparatus has been 
found to exhibit superior properties in respect of the on- 
resistance value (Ron) - Since, however, the known LDMOS 
apparatus is complicated in structure and less flexible for 
various applications, its use is restricted to source 
earthes . 
[0006] 

[Problems to be Solved by the Invention] In the case of a 
lateral DMOS (double-diffused metal oxide semiconductor) 
transistor of 6 V, an extremely small cell pitch is usually 
required to the optimum specific on-resistance properties. 
However, because the allowance for alignment is different, 
LDMOS transistor strips result in apparatus dimensions 
having only small differences. This causes the specific on- 
resistance properties and breakdown voltages to become 
varied. Such a problem is very noticeable in apparatus with 
as small a cell pitch as about several microns . Local hot 
spot or premature breakdown tends to occur in the course of 
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transition. Self -aligned LDMOS is described below which is 
capable of symmetrically retaining its adjacent transistor 
strips and is <f ree of the above-noted problems. * 
[0007] Other objects and features of the present invention 
are obvious , and part of them will become apparent from the 
following description. A method and an apparatus regarding 
a self -aligned lateral DMOS transitor can be achieved by 
this invention. 

[0008] A method for producing an LDMOS transistor apparatus 
is disclosed. A semiconductor layer is provided. This 
layer can be an N-type RESURF region formed on a P-type 
substrate. An insulative layer such as of a field oxide is 
formed on the semiconductor layer. The insulative layer is 
thereafter patterned to expose a source window and a drain 
window. Then, a D-well region is formed in the interior of 
the window source portion of the semiconductor layer. A 
sidewall region is formed adjacent to a side wall of the 
insulative layer and peripherally of the source window. A 
source region and a drain region are then formed by 
implanting arsenic ions or phosphorus ions, for example. A 
gate electrode is formed on a portion of the D-well region 
between the source region and the insulative region. The 
gate electrode is formed on a channel region located in the 
interior of the D-well between the source region and the 
drain region. 
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[0009] 

[Embodiments] The above-described features of the present 
invention will be more clearly understood upon reading the 
following description taken in conjunction with the 
accompanying drawings . 

[0010] Preferred embodiments of the method and its use 
provided below. Aspects of this invention can be used for 
numerous fields and can be practiced under various wide 
specific conditions. These embodiments are provided merely 
for purposes of illustration and should not be construed as 
limiting to the invention. 

[0011] The structure and method of the present invention 
are described below. Preferred embodiments of the structure 
are first provided along with modified forms of the 
structures. Preferred embodiments of the method for 
producing this structure will follow. 
[0012] Fig. 1 shows one preferred embodiment of a 
transistor apparatus 10. Actually, the apparatus 10 has as 
a lateral double-diffusion-oxide semiconductor transistor 
two types of a transistor 10a and a transistor 10b. Though 
applicable to both the transistor 10a and the transistor 10b, 
the following description will be directed to one of the two 
types . 

[0013] The transistor apparatus is formed on a 
semiconductor substrate 12. Preferably, the semiconductor 
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substrate 12 can be made of monocrystal silicone, but other 
semiconductor materials may be used. A polycrystal silicone 
layer 12 is also useful. A semiconductor layer 14 is shown 
disposed on the substrate 12. The semiconductor layer 14 
may consist of a layer 14 that has been formed on the 
substrate 12 by epitaxial growth, or a well (or a tab) 
region 14 (or a combination of the well and the tab) that 
has been formed on the substrate 12. In one preferred 
embodiment, the layer 14 has a drift region of N-type RESURF 
(reduced surface field) provided on a P-type substrate. 
Alternatively, a transistor apparatus may be formed directly 
in the interior of the substrate 12 with the layer 14 
omitted. In another embodiment, the substrate 12 may be 
disposed as a semiconductor layer on or in a substrate, or 
even on an insulative layer as is practiced in SOI (silicone 
on insulation) technology. Typically, but not essentially, 
the layer 12 and the layer 14 have opposite conductive types. 
As shown, for example, the substrate 12 may be one having a 
P-type impurity added thereto, whereas the layer 14 may be a 
layer having an N-type impurity added thereto. 
[0014] The field-effect transistor of the present invention 
is provides with a source region 16 and a drain region 18. 
For simplicity, an N-channel transistor will be described in 
greater detail. Note, however, that aspects of the 
invention are applicable equally to an N-channel apparatus 
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and a P- channel apparatus as such. 

[0015] A source region 16 having an N-type impurity added 
thereto is formed in a well region 20 having a P-type 
impurity added thereto. The well region 2 0 is usually 
referred to as a D-well. As shown, the D-well 20 may be 
extended through the layer 14 to enter the substrate 12, or 
may occupy the entirety of the layer 14. 

[0016] The drain region 18 is located adjacent to other 
ends of a field insulation layer 24. In one preferred 
embodiment, a field insulation layer 24 is made of, for 
example, a field oxide such as silicon dioxide that is 
derived by thermal growth. 

[0017] Though not shown, a shallow extension region having 
a P-type impurity added thereto may be disposed adjacent to 
the D-well region having a P-impurity added thereto. This 
shallow extension region (not shown) may be disposed to 
extend from the D-well region 20 to a first end of the field 
insulation region 24. An embodiment showing the use of such 
a shallow extension region is disclosed in copending 
application U.S. Serial No. 08/031,731, which is still 
pending . 

[0018] A gate electrode 26 is formed on the surface of the 
layer 14. In the shown embodiment, the gate 26 extends from 
above a portion of the source 16 to above a portion of the 
filed insulation region 24. In one preferred embodiment, 
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the gate electrode 26 is made of silicon having an impurity 
added thereto (usually, the silicon is in polycrystalline 
form, but it may be in amorphous form and even in 
monocrystalline form) . Other conductive materials may be 
used which include metal or silicide. 

[0019] The gate 26 is disposed to be separate from the 
surface of the layer 14 through a gate dielectric 28. The 
gate dielectric 28 is made of an oxide or a nitride, or a 
combination thereof (for example, a laminated NO layer or a 
laminated ONO layer) . 

[0020] A sidewall insulation region (not shown) is formed 
on the side wall of the gate electrode 26. The sidewall 
region is made typically of an oxide material such as 
silicon oxide, or a nitride material such as silicon nitride. 
[0021] In addition, a volume region 30 having an impurity 
added thereto in a large amount is shown in Fig. 1. The 
volume region 30 provides a good contact with the D-well 
region 20. Typically, the volume region 30 is one having an 
impurity added thereto in a much larger amount than the D- 
well region 20. 

[0022] The transistor apparatus is provided therein with 
source/drain contactors 32, 34 and 36. The source/drain 
contactors 32, 34 and 36 bring the source/drain regions 16 
and 18 into electrical connection with components other than 
circuits. The contactors 32, 34 and 36 are made of a 



conductive material, and this conductive materials is 
typified by a metal such as aluminum, copper or gold. Other 
materials may also be used which include impurity- containing 
polysilicon, and silicides such as titanium silicide and 
tungusten silicide . 

[0023] In the shown embodiment, the contactor 34 only is 
used with respect to the source region 16 of each of 
transistor 10a and the transistor 10b. In another 
embodiment , two separate contactors can be used when they 
are required to be connected to components other than each 
circuit of a source region. 

[0024] A preferred method for producing the transistor 
apparatus 10 is described by referring to Fig. 2 to Fig. 8. 
[0025] As shown in Fig. 2, a substrate 12 is prepared on 
which a semiconductor layer 14 is then provided. The 
construction of the substrate is not particularly important 
for the present invention as noted above. This substrate 
can include a well region formed in an epitaxially deposited 
layer or a monocrystalline substrate. In the shown 
embodiment, an N-type impurity-containing layer 14 is formed 
on the P-type impurity-containing substrate 12. For example, 
the substrate is made of a substrate of about 10 Qcm to 
about 20 Qcm, and in this substrate, the well region 14 
having an N-type impurity added thereto by diffusion is 
formed at a depth of 7 fun. 



[0026] A field insulation region 24 is formed on the 
semiconductor layer 14. Typically, the field insulation 
region 24 is made of an oxide such as silicon dioxide. The 
field insulation region 24 can be formed by epitaxial growth 
or by deposition such as a chemical vapor deposition system, 
for example. 

[0027] Thereafter, an insulation region 24 is patterned to 
define a drain window 38 and a source window 40, 
respectively, as shown in Fig. 3. In one preferred 
embodiment, this formation step is performed by the use of a 
single mask in order to ensure that the same space gap 
should be obtained. 

[0028] As shown in Fig. 4, a mask layer 42 is formed 
typically by the use of a photoresist, but a 
photolithographic mask may optionally be used. Then, an 
additive impurity 44 is implanted into a layer 44 to provide 
a D-well 20. Boron is preferred as impurities for forming a 
P-type well, but other impurities such as aluminum and 
gallium may also be used. Additionally, other systems for 
impurity addition, such as diffusion, are useful. To 
increase the depth of the P-type well, a high temperature 
driving interstitial step may be used. The resultant D-well 
20 is shown in Fig. 5. 

[0029] After formation of the D-well 20, a thin insulative 
layer 46 is formed, and the thin insulative layer 46 is 
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preferably derived from a nitride such as Si 3 N 4 . 
Subsequently, a sidewall insulation region 48 is formed on 
each of the side walls of the insulation region 24. The 
sidewall insulation region 48 is made typically of an oxide, 
and it can be obtained by a TEDS ( tetraethoxysilane ) system. 
This sidewall region may be made of a nitride. The nitride 
layer 46 plays a masking role against etching during 
formation of the oxide sidewall region 48. 

[0030] At this stage, as shown in Fig. 6, a portion exposed 
from the nitride layer 46 is removed (that is, such a 
portion is empty below the sidewall region 48). 
[0031] The next step is a step in which a source region 16 
and a drain region 18 are formed. In one preferred 
embodiment, N-type impurities are implanted as indicated by 
the arrows at reference numeral 50. Arsenic is desired as 
an additive impurity, but other impurities such as 
phosphorus and antimony may be used. The source region 16 
and the drain region 18 are shown in Fig. 17. 

[0032] The sidewall region 48, which has been formed on the 
thin insulation region 46 before an N + source and a drain 
are poured, provides the apparatus with a self -aligned MOS 
channel having a much greater length. Therefore, prolonged 
periods of time for high temperature penetration related to 
the conventional art can be eliminated. Because of this 
feature, the process steps of the present invention are more 
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fully compatible with those of the conventional VLSI 
technology. 

[0032] Referring again to Fig. 7, the sidewall region 48 is 
removed. To expose a window for the volume contactor region 
30, a mask layer 52 is disposed on the apparatus. As 
indicated by the arrows at reference numeral 54, an impurity 
for a volume contactor is implanted into the D-well 20. In 
one preferred embodiment, boron ions are implanted, but 
other impurities may be implanted as described previously. 
[0034] After implantation of a P + type boron, a gate 
dielectric window (not shown) is defined. The gate 
dielectric is made typically of an oxide, and it is derived 
preferably by thermal oxidation. Instead, a gate oxide 28 
may be caused to deposit. 

[0035] A gate layer is then formed on this gate structure, 
followed by patterning and etching, whereby a gate electrode 
is formed as shown in Fig. 8. In one preferred embodiment, 
the gate electrode is made of polysilicon having an impurity 
added thereto (a polycrystalline silicon or an amorphous 
silicon can be used) . A desirable formation process 
includes, for example, deposition using the chemical vapor 
deposition system. Simultaneously with or after the 
formation of the polysilicon gate 26, an impurity can be 
added thereto . This imurity addition may be carried out by 
implantation or diffusion. Other conductive materials may 
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also be used, and they include a metal such as aluminum and 
silicides such as titanium silicide and tungsten silicide. 
[0036] Finally, in completing the structure shown in Fig. 1, 
a metallization step can be used to form the contactor 
regions 32, 34 and 36. In this step, an insulative layer 
such as of silicon dioxide is formed on the apparatus. Then, 
holes for the contactors are formed in this insulative layer 
by means of etching, and conductive contactors and 
connecting wires are formed to electrically connect the 
apparatus 10 to other necessary devices disposed on the 
integrated circuits. 

[0037] While the present invention has been described based 
on specific embodiments, it is to be understood that these 
embodiments are not construed as limiting the invention. 
Many additional embodiments, modifications and combinations 
thereof are readily apparent to persons of ordinary skill in 
the art. Thus, the present invention can embrace all such 
modified embodiments. 

[0038] Regarding the above description, the following are 
also disclosed. 

(1) A method for producing a DMOS transistor, comprising 
the steps of: providing a first conductive semiconductor 
layer; forming an insulative layer on said semiconductor 
layer; patterning said insulative layer to expose a source 
window portion for said semiconductor layer and a drain 
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window portion for said semiconductor layer; forming a D- 
well by adding an conductive impurity to said source window 
portion for said semiconductor layer; forming a sidewall 
region adjacent to a side wall of said insulative layer 
located around said source window portion; forming a source 
region in the interior of said source window portion for 
said semiconductor layer; forming a drain region in the 
interior of said drain window portion for said semiconductor 
layer; and forming a gate electrode on a portion of said D- 
well region between said source region and said insulative 
layer, and on a channel region located in said D-well 
between said source region and said drain region. 
[0039] (2) The method according to Claim 1, wherein said 
first conductive semiconductor layer is a silicon layer 
having an N-type impurity added thereto. 

(3) The method according to Claim 1, wherein said 
semiconductor layer is an N-type layer formed on a P-type 
substrate . 

(4) The method according to Claim 1, wherein said 
insulative layer is of a field oxide. 

(5) The method according to Claim 4, wherein said substrate 
is of a silicon, and the step of forming said field oxide 
uses thermally growing silicon dioxide. 

[0040] (6) The method according to Claim 1, wherein the 
step of patterning said insulative layer is performed by 
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using a single mask. 

(7) The method according to Claim 1, wherein a conductive 
impurity is implanted into said semiconductor layer in the 
step of forming said D-well. 

(8) The method according to Claim 7, wherein said 
conductive impurity is boron. 

(9) The method according to Claim 1, wherein the step of 
forming a sidewall region includes the step of forming a 
second sidewall region adjacent to the side wall of said 
insulative layer and peripherally of said drain window. 
[0041] (10) The method according to Claim 1, further 
comprising the step of, prior to formation of said sidewall 
region, forming a thin insulative layer on said insulative 
layer, said source window and said drain window. 

(11) The method according to Claim 10, wherein said thin 
insulative layer includes a nitride layer, and said 
insulative layer and said sidewall region includes an oxide 
region. 

(12) The method according to Claim 1, wherein said sidewall 
region is formed from tetraethoxysilane . 

(13) The method according to Claim 1, wherein the step of 
forming a source region and a drain region includes the step 
of implanting an N-type impurity. 

(14) The method according to Claim 1, wherein said N-type 
impurity is arsenic ions or phosphorus ions. 
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[0042] (15) The method according to Claim 1, wherein said 
gate electrode is formed from silicon having an impurity 
added thereto. 

(16) The method according to Claim 1, wherein the step of 
forming a gate electrode includes the step of depositing 
silicon. 

(17) The method according to Claim 1, wherein said gate 
electrode has an impurity added thereto in situ. 

(18) The method according to Claim 1, further comprising 

the step of forming a source contactor on said source region, 
and the step of forming a drain contactor on said drain 
region . 

(19) The method according to Claim 1, further comprising 
the step of forming a volume contactor region in the 
interior of said D-well region located adjacent to said 
source region. 

[0043] (20) A method for producing a lateral DOMOS 
transistor apparatus, comprising the steps of providing an 
N-type silicon layer on a P-type substrate; forming a field 
oxide layer on said N-type layer; patterning said field 
oxide layer to expose a source window portion for said 
semiconductor layer and a drain window portion for said 
semiconductor layer; implanting boron into said window 
portion for said N-type layer to form a P-type D-well; 
forming a nitride layer on said field oxide layer, said 
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source window and said drain window; then forming a sidewall 
oxide adjacent to the side wall of said field oxide and 
peripherally of said source window; then implanting an N- 
type impurity to provide a source region in the interior of 
said source window portion for said silicon layer and to 
provide a drain region in the interior of said drain window 
portion for said silicon layer so that said source region is 
provided in the interior of said D-well; and forming a gate 
electrode on a portion of said D-well region located between 
said source region and said field oxide so that said gate 
electrode is provided on channels located in the interior of 
said D-well between said source region and said drain region. 
[0044] (21) The method according to Claim 1, wherein the 
step of forming a sidewall region is effected after the step 
of forming a D-well, and the step of a source region is 
effected after the step of a sidewall region. 
(22) A method for producing an LDMOS transistor apparatus 
10 is disclosed. A semiconductor layer 14 is provided. The 
layer 14 can be an N-type RESURF region formed on a P-type 
substrate 12. An insulative layer 24 such as of a field 
oxide is formed on the semiconductor layer 14. Subsequently, 
the insulative layer 24 is patterned to expose a source 
window and a drain window. Then, a D-well region 20 is 
formed in the interior of the window source portion of the 
semiconductor layer. A sidewall region is formed adjacent 
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to a side wall of the insulative layer and peripherally of 
the source window. A source region 16 and a drain region 18 
are thereafter formed by implanting arsenic ions or 
phosphorus ions, for example. A gate electrode 2 6 is formed 
on a portion of the D-well region 20 between the source 
region 16 and the insulative region 24. The gate electrode 
26 is formed on a channel region located in the interior of 
the D-well 20 between the source region 16 and the drain 
region 18. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 shows a cross -sectional view of an LDMOS 
transistor in accordance with one preferred embodiment. 
[Fig. 2] Fig. 2 shows a cross -sectional view of the 
transistor of Fig. 1 in a sequence of steps used to produce 
this transistor. 

[Fig. 3] Fig. 3 shows a cross -sectional view of the 
transistor of Fig. 1 in a sequence of steps used to produce 
this transistor. 

[Fig. 4] Fig. 4 shows a cross-sectional view of the 
transistor of Fig. 1 in a sequence of steps used to produce 
this transistor. 

[Fig. 5] Fig. 5 shows a cross-sectional view of the 
transistor of Fig. 1 in a sequence of steps used to produce 
this transistor. 

[Fig. 6] Fig. 6 shows a cross-sectional view of the 
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transistor of Fig. 1 in a sequence of steps used to produce 
this transistor. 

[Fig. 7] Fig. 7 shows a cross -sectional view of the 
transistor of Fig. 1 in a sequence of steps used to produce 
this transistor. 

[Fig. 8] Fig. 8 shows a cross -sectional view of the 

transistor of Fig. 1 in a sequence of steps used to produce 

this transistor. 

[Reference Numerals] 

12 semiconductor substrate 

14 semiconductor layer 

16 source region 

18 drain region 

20 D-well region 

24 insulative layer 

26 gate electrode 

28 gate dielectric 

32, 34, 36 contactors 
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